The effects of calcium-free and normal (0.6%) and high (1.0%) calcium diets on the transfer of calcium from pregnant mothers to fetuses were investigated by balance experiments. Pregnant rats receiving calcium-free, normal and high calcium diets ate totals of 353, 324 and 280g of the diet, respectively, during pregnancy, and the food con sumption of the latter two groups decreased near term. The group on calcium-free diet was able to maintain pregnancy and produce normal fetuses by using calcium resorbed from the dam's bones. The calcium retentions due to pregnancy in rats on normal and high calcium diets were 116 and 128 mg, respectively, during the first 15 days, and -9 and -109mg , respectively, during the last 6 days of pregnancy. Fetuses contained about 130mg of calcium at term and most of this calcium was supplied from the dam's bones, in which extra calcium were retained during early-mid pregnancy. Unexpectedly, the true rate of calcium absorption was appreciably lower during late pregnancy than during early-mid pregnancy in both dietary groups. Thus, extra calcium retention during early-mid pregnancy seemed to be physiological adaptation to a decrease in either food consumption or calcium absorption during late pregnancy. Phosphorus absorption and its balance were examined in relation with the dietary calcium levels.
Summary
The effects of calcium-free and normal (0.6%) and high (1.0%) calcium diets on the transfer of calcium from pregnant mothers to fetuses were investigated by balance experiments. Pregnant rats receiving calcium-free, normal and high calcium diets ate totals of 353, 324 and 280g of the diet, respectively, during pregnancy, and the food con sumption of the latter two groups decreased near term. The group on calcium-free diet was able to maintain pregnancy and produce normal fetuses by using calcium resorbed from the dam's bones. The calcium retentions due to pregnancy in rats on normal and high calcium diets were 116 and 128 mg, respectively, during the first 15 days, and -9 and -109mg , respectively, during the last 6 days of pregnancy. Fetuses contained about 130mg of calcium at term and most of this calcium was supplied from the dam's bones, in which extra calcium were retained during early-mid pregnancy. Unexpectedly, the true rate of calcium absorption was appreciably lower during late pregnancy than during early-mid pregnancy in both dietary groups. Thus, extra calcium retention during early-mid pregnancy seemed to be physiological adaptation to a decrease in either food consumption or calcium absorption during late pregnancy. Phosphorus absorption and its balance were examined in relation with the dietary calcium levels. Key Words calcium utilization, calcium-free diet, pregnancy, fetal growth It is well known that pregnant animals require extra nutrients for the formation of the products of conception. These additional nutrients are obtained by a spontaneous increase in food intake. Previous studies, however, have showed that the food consumption of normal pregnant rats decreases appreciably near term, indicating that the food ingested during late pregnancy may not be sufficient for the supply of nutrients during rapid fetal growth near term (1, 2) . In studies on the nitrogen requirement of normal pregnant rats it was found that a considerable amount of nitrogen is stored in the maternal body during the first half of pregnancy and used for fetal growth in late pregnancy (3) . In the present study we investigated the question of whether the calcium need in late pregnancy is obtained entirely from the diet consumed during this period or whether it is mobilized in pregnant rats receiving various levels of dietary calcium and then transferred to the fetuses .
MATERIALS AND METHODS
Virgin rats of the Sprague-Dawley strain, weighing about 160g, were obtained commercially, and fed on 20% casein diet until they weighed about 190g. They were then mated with males of the same strain. Day 1 of pregnancy was determined by daily examination of vaginal smears. Groups of pregnant rats were given respective diets containing 0.01, 0.6 and 1.0% calcium and 20% soy protein isolate (SPI). Harper's mineral mixture without CaCO3 was used for preparation of calcium-free diet (Ca, 0.01%) (4). High calcium diet (Ca, 1.0%) was prepared by adding CaCO3 to normal calcium diet (Ca, 0.6%) at 1.0g per 100g of diet. The calcium contents of the three diets were measured and found to be 15, 580 and 1,080mg per 100g diet, respectively. The phosphorus content of the respective diets was held constant at 0.45%. Ergocalciferol was added at 75 IU per 100g of diet. The compositions of the diets are shown in Table1. Food and deionized distilled water were provided ad libitum. Non-pregnant rats given the same diets as the experimental groups were used as controls. The animals were housed individually in metabolic cages in a 
RESULTS
Changes in food intake and body weight Figure 1 and Table 2 show the daily changes in food consumption of the pregnant rats on the three diets containing different levels of calcium. Pregnant rats receiving the calcium-free and normal calcium diets ate totals of 353 and 324g of food, respectively, during pregnancy, while animals on high calcium diet ate significantly less (280g). The daily food intakes of all pregnant rats first increased gradually during pregnancy, but those of animals receiving normal and high calcium diets decreased near term, whereas that of calcium-deficient animals continued to increase until term. Table 3 shows the changes in body weight of the groups during pregnancy. The body weights of the pregnant and non-pregnant rats receiving calcium-free, normal and high calcium diets increased by 158, 118 and 72g, and by 59, 46 and 50 g, respectively, depending on the food consumption.
Reproductive performances
Reproductive performances on day 22 of pregnancy of rats on the three diets are shown in Table 4 . Pregnant rats receiving the calcium-free diet maintained the pregnancy successfully and growth of products of conception was comparable with that of rats on normal calcium diet. Fetuses from the deficient dams were significantly heavier than those of the control animals. Significantly less growth of products of conception was observed in rats on high calcium diet than in rats on normal calcium or calcium-free diet, due to decreased food consumption. The weight of fetuses was also less in the high calcium diet group than in the other two groups. The viable litter sizes of the three groups were identical.
Calcium absorption and balance
The urinary and fecal calcium outputs of pregnant and non-pregnant animals were proportional to the dietary calcium levels. Thus, the amounts of urinary and fecal calcium as percentages of ingested calcium were 3 and 70%, respectively, for pregnant rats and 2 and 73%, respectively, for non-pregnant rats, irrespective of the dietary calcium level.
Data on the calcium balances of the animals determined every three days in two stages of pregnancy (days 1-16 and 16-22) are shown in Table 5 . In the normal and high calcium diet groups the pregnant and non-pregnant rats retained calcium throughout the entire period except for the last 3 days of pregnancy, but pregnant females showed more calcium retention than non-pregnant females. The calcium retentions due to pregnancy in rats on normal and high calcium diets were 116mg (421-305mg) and 128mg (747-619mg) more than those of the respective non pregnant controls, respectively, during early-mid pregnancy. However, calcium retentions in pregnant rats were less than those of non-pregnant rats during late pregnancy, being 9 and 109mg less in rats on the normal and high calcium diets, respectively. The calcium balance in the latter group in the late period of pregnancy was markedly negative due to an appreciable decrease in food consumption. Calcium-deficient rats adapted to the calcium-free diet by decreasing calcium output in the urine and feces: pregnant rats lost only 25mg of calcium during early mid pregnancy, whereas non-pregnant rats lost 97mg in the corresponding period, indicating that pregnant rats adapted better to calcium deficiency. Pregnant animals on calcium-free diet also utilized the minute amount of dietary calcium, mainly derived from dietary protein, remarkably efficiently and even showed a positive calcium balance in late pregnancy. As seen in Table 5 , during pregnancy, totals of 107 and 19mg of calcium were retained in animals in the normal and high calcium diet groups, respectively, and 85mg of calcium was spared in the calcium-deficient group. Table 5 also shows the apparent and true absorption rates of calcium in pregnant and non-pregnant rats on normal and high calcium diets. As the calcium deficient rats maintained pregnancy successfully, it was possible to estimate the true rate of absorption of ingested calcium during pregnancy. The true absorption rates in the early-mid and late periods of pregnancy were 38 and 18%, respectively, in the group on normal calcium diet and these values were comparable with those for non pregnant rats. Similar findings were obtained in the high calcium diet group, although the values were slightly less than those for the normal calcium diet group. These findings show that in late pregnancy the increased need for calcium was not Phosphorus absorption and balance Data on phosphorus absorption and balance are shown in Table 6 . The apparent absorption was markedly influenced by the dietary calcium level , as reported by Clark and Rivera-Cordero (6) and Braithwaite (7) . The absorption rate was highest in rats on calcium-free diet, and lowest in those on high calcium diet . As seen in Fig. 2 , the amount of phosphorus absorbed (Y: mg/day) shows a significant positive correlation with the amount excreted in the urine (X: mg/day), irrespective of whether the rats were pregnant or not or of the stage of pregnancy (Y= 0.87X+8.76, n: 12, r=+0.98,P<0.001).
On the contrary , no correlation was found between the amounts of phosphorus absorbed and retained. The phosphorus retentions due to pregnancy in animals receiving normal and high calcium diets were 11 and 90mg, respectively.
Calcium contents of fetuses and the femur and total body of dams
The calcium contents of the fetuses and the body and femur of dams on day 22 of pregnancy are shown in Table 7 . The calcium retentions due to pregnancy in rats on normal calcium, calcium-free and high calcium diets were 80, 71 and 26mg , respectively. These values were slightly smaller than those obtained in the balance study (Table 5) , but showed tendencies similar to those seen in the balance study for calcium retention due to the three diets. The calcium content of the fetuses ranged from 103mg in the high calcium diet group to 131mg in the calcium-free diet group and was more than the amount retained during pregnancy, indicating that some of the fetal calcium was supplied from the dam's body. This idea was supported by the fact that the calcium content of the carcass of pregnant animals was consistently less than that of the respective non-pregnant control. The calcium contents of the carcass and femur of rats on calcium-free diet, particularly those of pregnant rats, were markedly less than those of rats in the other two groups, showing that fetal calcium was provided by resorption of the dam's bones.
DISCUSSION
This work showed that the daily food intake of pregnant animals was influenced by the dietary calcium level and the stage of pregnancy. As seen in Fig. l and Table 2 , all pregnant rats showed gradual increases in food intake during early mid pregnancy, irrespective of the dietary calcium level. However, rats on normal or high calcium diet exhibited hypophagia near term, whereas rats on calcium-free diet did not. Hitier et al. reported similar hypophagia, which might be attributed to an increase of circulating estrogen, in pregnant rats on normal or protein-deficient diet (2). We did not measure the concentrations of estrogen or related substances in the present study, and the mechanisms by which dietary components including calcium and protein modify the food intake of pregnant rats at term require further study.
We expected that the efficiency of calcium absorption would increase in late pregnancy to compensate for decreased calcium intake. In fact, physiological changes in calcium absorption are known to occur in response to an increased calcium need of the body (8, 9) . However, in the present study no improvement of calcium absorption was observed in late pregnancy , and absorption during this period was considerably less than during early-mid pregnancy (Table 5 ). Due to decreased food consumption and a low efficiency of calcium absorption , the calcium retentions in the final 6 days of pregnancy in rats on normal and high calcium diets were only 82 and 71 mg, respectively. Thus, these rats could not meet the calcium requirement for fetal growth by only dietary calcium in this period , because the total calcium content of the fetuses at term was 100mg or more (Table 7) , and most of this was accumulated in the late stage of pregnancy.
To support fetal skeleton growth, extra calcium retained in early-mid preg nancy, amounting to about 120mg, must have been transferred from the maternal body to the fetuses during late pregnancy. This conclusion is supported by the finding that the calcium content of the femur of dams fed on normal or high calcium diet was about 70mg or more (data not tabulated) on day 16 of pregnancy but somewhat less on day 22. Excess calcium retention in the maternal body in early pregnancy was suggested by Hytten and Leitch (10), though Christianson et al. could not detect any storage in early pregnancy in women by photon absorpti ometry (11) . Similarly, early calcium retention was observed in pregnant rats by Seki (12, 13) . Thus, deposition of excess calcium during early-mid pregnancy , followed by bone resorption, seems to be a physiological event favoring fetal growth and preventing maternal calcium loss during terminal hypophagia .
Pregnant rats receiving calcium-free diet maintained pregnancy without show ing reduced reproductive performance. Our results are in accord with those of Boelter and Greenberg (14) and Ooyama (15) and Rasmussen (16) on rats and of Hill (17) on ewes, These findings, however, do not disprove the importance of calcium in pregnancy, because calcium for fetal needs was provided by bone resorption in the dams, as shown in Table 7 . In addition, Simmonds indicated that rats fed on a calcium-deficient diet were able to maintain pregnancy successfully and to suckle their young, but that they subsequently failed to reproduce (18) . Reproductive failure due to prolonged calcium deficiency was also observed by Cox and Imboden (19) . Further studies are required on the appropriate dietary calcium level for normal reproduction without loss of maternal bone calcium and on the hormonal mechanisms involved in calcium mobilization in dams during pregnancy .
